Abstract. mRNA expression of receptors, retinoic acid inducible gene 2 (GPRC5B/Raig2), estrogen receptor α (ERα), retinoid X receptor α (RXRα), pregnane X receptor (PXR) and germ cell nuclear factor (GCNF), in murine placentae at 14.5, 16.5 and 18.5 day-post coitum (dpc) was examined by reverse transcription-polymerase chain reaction technique. Strong expression of mRNA of GPRC5B/ Raig2, which is a novel member of orphan receptor/G-protein coupled receptor-C and has great effects on cell growth, differentiation and embryogenesis, was first detected in placentae of mice. Moreover, mRNAs of nuclear receptors, ERα, RXRα, PXR and GCNF, were also detected in murine placentae. Wide individual differences in these mRNA expression levels were noted. These data indicated that GPRC5B/Raig2 and other nuclear receptors examined in the present study play important roles in placental function of mice. The findings will contribute to the assessment of the toxic effects of endocrine disruptors on placental function.
placental functions has been reported.
Placenta is a specific and essential organ for mammalian development and/or plays a critical role in embryogenesis and embryo growth. Many specific receptors including orphan receptors are known to play important roles in embryogenesis and embryo growth [6] [7] [8] [9] [10] , but detailed studies of the expression of receptors in placentae have not been reported until now. In the present study, we confirmed the expression of GPRC5B/Raig2 m R N A i n m u r i n e p l a c e n ta e b y r e v e r s e transcription-polymerase chain reaction (RT-PCR) t ech ni que. M o reo v er , w e a ss es s ed m R N A expression of some nuclear receptors, estrogen receptor α (ERα), retinoid X receptor α (RXRα), pregnane X receptor (PXR) and germ cell nuclear factor (GCNF), in murine placentae. 
Materials and Methods

Preparation of placental tissue
Female and male ICR mouse purchased from Clea Japan (Tokyo, Japan) were housed under controlled temperature (24 ± 2 C), lighting (14 h light: 10 h darkness cycles) and humidity (80 ± 5%) and given a standard diet (CM; Oriental Yeast, Tokyo, Japan) and tap water ad libitum. They received humane care as outlined in the "Guide for the Care and Use of Laboratory Animals" (Kyoto University Animal Care Committee according to NIH No. 86-23; revised 1999). After mating, females detected as having a vaginal plug detection were considered to be at 0.5 day-post coitum (dpc) of pregnancy. Female pregnant mice at the stages of 14.5, 16.5 and 18.5 dpc (n=12/ each group) were sacrificed under anesthesia by diethyl ether in the afternoon (12:00 to 14:00). The placentae were removed, dissected and frozen in liquid nitrogen.
RT-PCR analysis
For RT-PCR analysis, total RNA was extracted using RNeasy mini kit (Qiagen, Valencia, CA, USA), and then extracted total RNA was reverse transcribed with oligo(dT) primer using T primed first-strand kit (Amersham Pharmacia Biotech, Piscataway, NJ, USA) to synthesize first strand cDNA. The cDNA was quick-chilled on ice denaturing the RNA-cDNA duplex. The PCR reaction was performed using a Platinum PCR super mix kit (Gibco BRL Life Technologies, Rockville, MD, USA.). All above procedures were performed according to each manufacturer's protocol. Primer pairs specific for partial cDNA sequences of GPRC5B/Raig2 were used: forward; 5'-CTTAC AGCTA GCACA TCACC ATGC-3' and reverse; 5'-CACAC AGCCC TAGCT TTCTT TCC-3'; ERα: forward; 5'-GACCA GATGG TCAGT G CCT T-3' and r everse; 5 '-AC TCG AG AAG GTGGA CCTGA-3'; RXRα: forward; 5'-GAGCA GCACT GAGGA TATCA AGC-3' and reverse; 5'-GGTCA GGTCT TTGCG TACTG TCC-3'; PXR: forward; 5'-GCTGC ATAAG GAGGA GTATG TGC-3' and reverse; 5'-AGGAA CCTGT GAGCA GGATA TGG-3'; GCNF: forward; 5'-CTCAC CCTCT GATGA AGAAC TCC-3' and reverse; 5'-
Glyceraldehyde dehydrogenase (GAPDH) was amplified as an intrinsic control using the following primers: forward; 5'-GGGTG GAGCC AAACG GGTC-3' and reverse; 5'-GGAGT TGCTG TTGAA GTCGC A-3'. The thermal cycling steps carried out in a G eneAmp 2400 (Perkin Elmer Applied Biosystems, Norwalk, CT, USA) were as follows: DNA was denatured at 95 C for 5 min, then PCR was performed for 35 cycles at 95 C for 1 min, 59 C for 1 min, 72 C for 1 min, and finally for 1 cycle at 7 2 C f o r 7 m i n . T h e P C R p r o d u c t s w e r e electrophoresed in 2% agarose gel and stained with 1 µg/ml ethidium bromide solution. Ready-load 100 b p DN A lad der (G ibco ) w as us ed as a molecular weight marker for electrophoresis. After electrophoresis, the gels were recorded with a digital recorder (LAS-1000, Fiji Film, Tokyo, Japan), a n d t h e n m R N A e x p r e ss i o n l e v e l s w e r e semiquantified using ImageGauge program (Fuji Film) on a Macintosh computer. The relative abundance of specific mRNA was normalized to the relative abundance of GAPDH mRNA. To confirm the expression of GPRC5B/Raig2 mRNA, the DNA s equence of the PCR pro duct was determined using an automatic DNA sequencer (ABI prism 340; Perkin Elmer Applied Biosystems) according to the manufacturer's protocol.
Statistical analysis
ANOVA for biochemical data was carried out using StatView-IV on a Macintosh computer. Differences of P<0.05 were considered significant.
Results
mRNA expression of receptors in murine placentae
Agarose gel electrophoresis of RT-PCR products for the GPRC5B/Raig2, ERα, RXRα, PXR, GCNF and GAPDH mRNAs in murine placentae at 14.5, 16.5 and 18.5 dpc were shown in Fig. 1 . The placentae with male embryos are shown in the first and second lanes from the left, and those with females are seen in the third and fourth lanes. The placentae located at the terminal area of the uterus horn are shown in the first and third lanes, and those at the vaginal area are shown in the second and fourth lanes. Then, semiquantitative RT-PCR an aly s is for ea ch m R N A in p lac en tae w as summarized in Fig. 2 .
Strong expression of GPRC5B/Raig2 mRNA was shown at 14.5 and 16.5 dpc, but significantly decreased expression was seen at 18.5 dpc (P<0.01; Figs. 1 and 2 ). At 18.5 dpc, the placenta with male embryo, which was located at the terminal area of the uterus horn, showed moderate expression, indicating that individual differences in the expression of GPRC5B/Raig2 mRNA exist. The sequence of the PCR product for the corresponding domain of GPRC5B/Raig2 mRNA was determined using an automatic DNA sequencer, indicating that the PCR product corresponded to GPRC5B/Raig2. ERα, RXRα, PXR and GCNF mRNAs were expressed in murine placentae at 14.5, 16.5 and 18.5 dpc (Figs. 1 and 2 ). Individual differences in expression of ERα mRNA was seen at 16.5 and 18.5 dpc, that in expression of RXRα and PXR mRNAs w e r e obs er v e d at 14 . 5, 1 6. 5 an d 18. 5 d p c . Individual differences in GCNF mRNA expression was seen at 16.5 dpc.
Discussion
Trace level or no expression of GPRC5B/Raig2 mRNA was detected in human placental tissue, but 2 . Semiquantitative analysis of mRNA expression levels of GPRC5B/Raig2, ERα, RXRα, PXR and GCNF (as a mRNA/GAPDH mRNA ratio) in murine placentae at 14.5, 16.5 and 18.5 dpc. All data are shown as means ± SEM. *, ** and ***: P<0.05, 0.01 and 0.001 vs each 14.5 dpc.
no work on murine placentae has been reported [1] [2] [3] [4] . In the present study, we demonstrated strong expression of GPRC5B/Raig2 mRNA in murine placentae. We also confirmed the mRNA expression of ERα, RXRα, PXR and GCNF in murine placentae at 14.5, 16.5 and 18.5 dpc. These nuclear receptors act as ligand-dependant transcriptional factors [6] [7] [8] [9] [10] [11] [12] . Generally, the ligands for nuclear receptors are lipid-so luble s ubst ances including s ter oidhormones, retinoids, vitamin D, thyroid hormones and xenobiotic compounds, but many receptors r em ain a s o rp ha n r ec ep t o r s . H ig h m R NA expression of ERα, which plays an important role in estrogenic function, was detected in fetal gonads, brain, bone and many adult organs [7, 10] . ERα raises female reproductive behavior, initiates sexual differentiation of the fetal brain, and is the main target of endocrine disruptors. Our present results on the expression of ERα mRNA well agree with previous studies [7, 10] . RXRα, a 9-cis-retinoic acid specific receptor, forms heterodimers with other nuclear receptors including retinoic acid receptor, vitamin D receptor, thyroid hormone receptor and some xenobiotic compound receptors [17] . RXRα mRNA is expressed in adult liver, k id ne y , m us c le , in t e s t i n es , h e ar t , i n f et a l epithelium, and in the labyrinthine layer of murine placentae. PXR is induced by progesterone, glucocorticoid, pregnenolone and xenobiotic compounds in the mouse, rat and human, but its endogenous ligand has not been identified yet [20] [21] [22] [23] [24] [25] [26] . PXR forms heterodimer and binds to a specific sequence of DNA containing cytochrome P450-3A (CYP3A) genes. Since the enzymes categorized in the CYP3A subfamily are responsible for the metabolism of endogenous steroid-substrates and steroid-like xenobiotic compounds, a novel s ign ali ng pat h w ay fo r s t er o id c o m po u nd s involving PXR may exist. The expression of PXR mRNA has been observed in the ovary, which is a major steroid-producing and metabolizing organ, the uterus, which is a major target of steroid hormones, the liver and intestine but not the placenta [21] . The present data confirmed that PXR mRNAs was expressed in murine placentae, but individual differences were significant. GCNF, which is known as a nuclear receptor 6A1 or as a retinoic acid receptor-related testis-associated receptor, lacks known ligands and is therefore referred to as an orphan receptor [19, 27, 28] . GCNF is highly expressed in the nervous system of the developing embryonic and the labyrinthine layer of the placentae in mice. Gene targeting in the mouse shows that GCNF has an essential function during embryogenesis [27] . Our present findings also confirmed the expression of GCNF mRNA in murine placentae. Further studies are in progress in our laboratory to reveal what factors cause individual differences in the expression of receptor mRNAs, for instance, differences in embryo sex, the developmental stage of the embryo, and the implantation part in the uterus and so on.
In conclusion, this paper is the first report confirming the expression of GPRC5B/Raig2 mRNA in placentae of mice. Moreover, mRNA expression of some nuclear receptors, ERα, RXRα, P XR a nd G C N F , i n m u r i n e pl a c en t ae w as confirmed. This data will contribute to the assessment of the effects of endocrine disruptors on placental function, and further works are in progress to evaluate the toxic effects of some endo crine dis rupto rs o n the placentae and embryos. 
